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ABSTRACT

Gravity and scismic reflection data, together with geologic mapping,
indicate that the Mount Toondina feature in South Australia is an eroded 4-km-
diameter impact structure consisting of a ring structural depression
surrounding a pronounced central uplift. Beds in the central uplift have been
raise.d as much as 200 m from dcpthand deformed by convergent flow. Scismic
reflection data indicate that this deformation extends to depths of only ~800 m;
at greater depths the reflectors arc. necarly flat lying indicating little. or 110
deformation below this depth. Gravity data, after removal of regionaleffects
by polynomial approximation, indicate that the structure is characterized by a
residual gravity anomaly of + 1.() mGal coincident with the ¢chtyal uplift and a
-0.S regal annular low associated with thering structural depression. Gravity
modeling indicates that rclatively high-density material has been structurally
uplifted; the ring depression surrounding the central uplift is filled with low
density strata which arc thicker by as much a s 90 m relative to thein thickness
outside the structure. The deformationat Mt. Toondina is typical of a collapsed
impact crater of mode.rate. sizc and the 4-km diameter is consistent with the
expected threshold size for collapse of craters formed in weak 10 moderate

strength  sedimentary  rocks.




INTRODUCIION

The Mt. Toondina impact structure [Shoemaker and Shoemaker, 1990] is
located in northern South Australia, -45 ki south of the town of Oodnadatta
and is centered at 27° 57 S, 135°22'E (Figure 1). The strut.turc (Figure 2) is
characterized by a central uplift of intensely folded and faulted rocks
surrounded by a ring structural depre ssion. The entire M t. Toondina impact
structure has a diameter of about four kilorncters and an age of less than 110
Ma. The original crater has been eroded away and the minor topographic
promontory of “Mt. Toondina” is formed by a scrics of travertine spring
deposits of Pleistocenc or possibly late Tertiary age capping the uplified and
contorted rocks of the central uplift. The ring structural depression
surrounding the central uplift is conccaled belle.a(ll a thinvencer of

Quaternary surficial deposits.

in an attempt to better define the diamecter and structure of the impact
feature, detailed geologic mapping and a gravity sutvey Were carried out.
Here, we present the results of the gravity survey and the impli cations of the
gravity and sc ismic refle ction data for the origin of the Mt. Toondina

structure.

GEOL.OGIC BACKGROUND

The Mt. Toondina structure was originally recognized as a structural
anomaly from exposures of folded andfauvlted Permian, Jurassic, and
Cretaccous rocks surrounded by a broad cxpanse of ncarly flat-lying beds of
the. Bulldog Shale of Early Cretaccous age. The feature occurs in the
Arckaringa Sub-basin of the Great Artesian Basin of cast-central Australia.
The Mt. Toondina structure was first mapped by Freytag [1 964, 1965] who
discovered and described the Lower Permian Mt. Toondina Beds and prepared  a
sketch map of the. exposcd rocks of the centraluplift. e also recognized
exposure.s of the Algebuckina Satidstone of Jurassic (?) age and fine sandstonc

and shale. now assigne d to the Cadna-owic Formation of Early Cretaccous age.




that are locally exposed on the flanks of the central uplift. The Algebuckina
Sandstone. is a regional aquifc r; numcrous springs issue from the. exposed
sandstone, and travertine spring deposits cap and conceal many parts of the
uplift (Figure 2).

Freytag [1964, 1965] interpreted the structure and the displacement of
beds in the central uplift largely in terms of a network of faults. Unpublished,
detailed geologic mapping by E. M. Shoe. nlakc.r and D. J. Roddy in 1988 aud 1989,

however, has shown that the. centraluplift is flanked by steeply plunging
folds. Thc Mt. Toondina Beds, in the. center of the strut.turc, consist of a
sequence 0 f steeply-dipping soft claystone, silistone, sandstone, and minor
coal, that arc contorted into a serics of tight folds and nappes. The type. secction
of the Mt. Toondina Beds, in fact, is overturned and was erioncously described
in inverted strati graphic order by Freytag.

On the basis of geologic and gcophysical data, Freytag concluded that
the. Mt Toondina structure was a picrcement structure formed by a more ot
less cylindrical plug about 1.5 kmwide of Middle or l.ate Tertiary age which
penctrated Mesozoic units. Although alluding to an origin as a salt dome, the
origin of the picrccment was notspecified. Youles [1976]), in a bricf note.,
suggestiedthe Mt. Toondina structure w as of impact origin, He based hi s
interpretation chiefly upon similaritics between the M t . Toondina structure
and the. Gosscs Bluff impact structure in the Northern Territory [Milton et al.
1972; Barlow, 1979]. Wopfner [ 1977] immecdiately challenged this interpretation
and argued for an originof the structure as a salt diapir, a conclusion also
reccently favored by Jones [1988].

Extensive seismic cxploration of the Arckaringa basin has shown that
salt is present in the late Preccambrian (Adclaidean) stratigraphic section anti
that numcrous salt diapirs occur in the subsurface. However, the. diapirs arc
all prc-Permian in age. Moreover, a seismic profile directly across the Mt.
Toondina structure (sce below) shows uncquivocally that a salt diapir is not
present at de pth at Mt. Toondina. The strong defonination at Mt. Toondina dies
out with depth; strata arc nearly flat lying at depths greater than ~800 m, the.
base of the Permian Stvart Range Formation. The subsurface structure. is

consist ent with that expected for an impact structure but not with a salt diapir.




GRAVITY SURVEY
Data Acquisition

An initial gravity survey of the Mt. Toondina structure was conducted in
1963. Those data were collected, reduced, and interpreted by J. Hall and the
rc.suits reported in Freytag [1964, 1965]. That survey collected measurcments
along three northeast-oriented lines (N64°LE) and three northwest-oricl]tcd
lines (N26°W) centered at Mt. Toondina; mecasurcments were m adc at an
interval of 500 feet (152.4 m). Those data indicated a positive residual anomaly
of ~1.5mGal centered over Mt. Toondina. The anomaly was attributed by
Freytag and also by Jones[1988] to a positive density contrast between Permian
scdiments exposed within the, central uplift and surrounding low-dcns'ity

Crectaceous shales.-

To develop a more detailed understanding of the gravity field over the
Mt. Toondina feature and decicrmine its diameter and structure, additional
gravity data were collected by us. Data were collected at intervals of 100 m
along a two orthogonal lines across the structure (oriented N5°W and N85°L)
and extending for a distance of ~4 km from the center, and along a line.
running (N28°LY) obliquely across the feature.. The N85°K and N28°E line.s
coincide. with scismicreflection lines run by Dehi Petrolecun Pty. Ltd. (sce
below). In addition to data acquired along the lines, numerous gravity
mcasurements were collected on and around the central uplift. Figurc 3a
illustrates the location of the gravity stations used in this analyscsand
inc. udes the ncw data as well as some of the 1963 data. The 1963 data were.
provided to us by the South Australia Department Mines and Energy in the
form of station locations and Bougucr gravity value.s (reduced using a density
of 1.9 gem3). The two data scts were mcrged for this analysis using rcdundant
site, mcasurements. All data were reduced using a density of 1.9 gem3 as that
density is representative of the bulk density of the Bulldog Shale, the upper
most major strati graphic unit in the region (scc below, Figure 6).

Gravity data were collected using a Worden gravity meter. All gravity
values were tied to a base stationatthe centraluplift. Base station



me asurements were made every 2 to3 hours to calibrate the mete.r drift. Data
were reduced using the USGS Bouguer Gravity Reduction Program; no terrain
corrections were made because of the lack of significant topography. No
independent absolute gravity bases arc available. in the region, so a theoretical
value for the appropriate latitude wasassumed. Station locations (x, y, z
coordinates) were dectermined using a l.citz SET 4 Electronic Distance

Measuring unit. l.ocationand elevation countrol was tied to the cairn at Mt.
Toondina which had a reported clevation of 382 m [Freytag,1965]. No additional

bench marks occur within the survey area to provide. elevation control.

Data Analysis

Gravity inthc area of South Australia around Mt. Toondina is marked by
numerous positive and negative anomalies and significant gravity gradients.
These variations arc attributed to the. density contrast between the. low-d ensity
Mesozoic and Permian scdimentsandthe higl]-density crystalline base.mcnl
rocks and scdiments of Cambrian-Devonian age [Milton, 1969; Milton and
Morony, 1976]. The most pronounced of the density contrasts is between the
high-density Devonian dolomites and the younger sediments. Scismic
reflection data inthercgion indicate significant variations in the thickness o0 f
the sedimentary section and the presence of numerous fauns; the thickness of
the sedimentary rocks overlying pre-Permian  strata varies by iorc than  a
kilometer within the region.

Figure 3a illustrates the Bouguer gravity within 2..5 kmof Mt. Toondina.
Data extend over a 5 kin x 5 kin square centered on the central uplift. These
data were griddedwitha S0 x 50 grid and contoured with an interval of 0.5
mGal. At Mt. Toondina itself, Bouguer gravity is approximately -17.5 mGal. The
regional gravity decrecases to the. northwest with typical gradients of -1.5 mQGal
km -}, Despite the relatively large gradicnts, the presence of a residual positive
anomaly having an amplitude of 1 mGal associate. d withthe central uplift is
suggested by a dcflectionin the contours. The Bouguer gravity field is also
displayed in an obliqgue 3-D viewin figure 3b. The northwest regional gradient
and the local high at Mt. Toondina arc clearly discernible in this
representation.




Because of the regional gravity gradient, dctails of the gravity ficld
associated specifically with the Mt. Toondina structure arc difficult to resolve.
In order to isolate thesc aspects, the regional trend of the gravity data was
removed by subtracting a polynomial surface fromthe data and contouring
the residuals. A third-order polynomial was chosen as the best approximation
of the regional data such that the mecan residual anomaly is approximately zecro
across the grid; the third-order polynomial accounts for ~97% of the total
variation within the data. Residual gravity valucs were then gridded and
contoured. A 50 x 50 grid with 100 in node. spacing cxtending 2.5 m from the
central uplift was used to produce the contour map (¥igure 4a). Also illustrated
is an oblique 3D view of this residual field. Figures 4cand d illustrate the.
polynomial surface that w as subtracted from the data to produce the. residual
field. The 3rd order polynomial is assumed to represent the regional gravity
ficld. Seismic reflection data in the region indicate a thickening of the
Pecrmian and younger sediments 1 0 the northwe st [Wopfner, 1964} thus

resulting in a deccreascinthe gravity to the no st hwest.

It can be seen in the residual gravity (Figures4 a, b) that a well-defined
positive. anomaly characterizes the central uplift and is surtounded by a series
of closed contour lows. The lows completely surround the. central uplift, but
arc of irregular depth. In part, some of the irregularity in the amplitude of the
lows may be an artifact duc to the, uncvendistribution of stations; however,
variation is observed cven where station control is good. The variations
probably reflect real differences in the thickness of the low-d ensity near

surface Cretaccous Strata.

The dominant residual gravity feature is the positive anomaly centered
over the central uplift. This high rcaches a maximum amplitude of 1.0 mGal
above the generalregionallevel, and -1.5 mGal above the lowest areas of the
annular low. It is -1. ?5 km in diamecter at the O mGal contour. The central high
is symmetric; the. margins of the anomaly arc marked by a steep gradicnt (~2.4
mGal kin“!) whereas in the center of the anomaly the gradients arc much
lower (~1 regal km!). The differcnces in gradient across the anomaly indicate
that the source is shallow and sleep-sided. The surrounding low has a
minimum gravity value of ~ -0.5 mGal in the. southcastand typically rcaches

levels of -0.3 mGal. Total relief across the gravity anomaly associated with the



structure is -1.5 mGal with the central uplift high extending significantly
above the surrounding mean level. OQutside the low, the residual gravity values
return to approximately O mG al.

Most simple, bowl-shaped craters, arc characte rized by a neg ative
gravity anomaly [/nnes, 1961; Pilkington and Grieve, 1992]. Such necgative
anomalics can result from several processes. Examples of gravity lows duc to
infilling by low-density sedimentsinclude Wolf Creck Crater in Australia
[Fudali, 1978] and Tenoumer in Mauritania [Fudali and Cassidy, 1972]. Examples
of gravity lows resulting from the. impactbrececia formed in the crater bottom
include Meteor Crater in Arizona [Regan and Hinze, 197S] and Deep Bay in
Canada [/nnes et al., 1964]. Shattering and fracturing of the original rocks and
the, formation of impact breccia at the bottom of the c.rater results in a region
of relatively low density which produces a ncgative residual gravity anomaly
centered over the crater.

The shape of the gravity anomaly at Mt. Toondina is consistent with that
of a complex impact crater, i.e.., onc which has a central uplift. Complex craters
display a more complicated gravitysignature due. the presence of a central
uplift. Typically the central uplift is composed of relative.ly high density
mate.rial brought up fromdepth (particula rly in craters having diameters
greater than 30 km) . This high density material, incontrast to the
surrounding lower density material, resultsin a positive gravity anomaly. An
example of similar size to Mt Toondina is the Connolly Basin structure in
Western Australia (Shoemaker et al., 1989; Shoemaker and Shoemaker, 1989).
Connolly Basin is a 9-km-diamcter impact structure characterized by a 2. mGal
gravity high associated with the centraluplift due. to relatively high-density
rocks brought up. Although vastly larger, the. Manicouaganimpactin Quebec
(65 km diameter) shows a pattern similar to that exhibited at Mt. Toondina
[Sweeney, 1978]. Manicouagan has a central gravity high duc to relative high-
density rocks surrounded by an annular low; total gravity relic.f is about 8
mGal, However, this pattern of a central gravity high is not always the case; at
the Steinheim basin the central uplift is characterized by a negative gravity
anomaly [Pilking tonand Grieve, 1992].



SEISMIC REFLECTION DATA

Unraveling the structure at Mt. Toondina has been greatly facilitated by
two seismic reflectionlines which cross the feature. One of thelines (85 YQZ7.)
trends nearly cast-west (Figure 5) and passes directly across the central uplift:
the second line (85 XQF, not shown) trends northeast and passe.s obliqucly
across the structure. Record scctions for these lines were kindly provided by

the South Australian Dcpartment Mines and Encrgy.

The cast-west line record section (Figure 5) shows a series of prominent
reflectors at depths of 0.2, 0.6, 0.8-0.9, and>1scc. These reflectors can be traced
across much of the Arckaringa Basinandcanbe tied to specific strati graphic.
units at the Cootanoorina well [Wopfner, 1970; Hibburt, 1984], 7 km southwest
of Mt Toondina. Reflectors in the Cadna-owic Formation, the Algcbuckina
Sandstone, the Mt. Toondina Beds, and the underlying Stuart Range Formation
of Permianage can be traced in the scismic record section fromthe
Cootanoorina well to Mt Toondina. The “V” shaped gore extending bctween
stations 540 to 585 is a gap in the data where. stceply dipping beds of the
central uplift were avoided.

Outside the Mt. Toondina structure, at stations <460 and >660, the
reflectors at depths less than 1.() scc arc continuous and cssentially flat lying.
Near thecenter of Mt. Toond ina (station 560) the reflectors at shallow levels,
corresponding to the Bulldog Shale, Cadna-owic Formation, Algebuckina
Sandstone, and Mt. Toondina Beds, all stccpen and become shallower toward the
center. These reflectors can all be extrapolated to the surface where. they arc
observed to corrclate with the same units in outcrop with which they arc.
correlated from weclldata. Surrounding this uplift (ncarstations 510 and 600)
is a zonc where the. reflectors arc depressed below their regional level. Several
reflectors farther away from the cenier, at stations 490 and 640, arc offsct by
faults. Displacement along the faults is down toward the center of the
structure. At depths greater than -0.6 scc the reflectors assigned to the
Adclaidcan strati graphic section arc essentially continuous beneath the
stiucture, g’ here is a hint of slight disruption of strata at this depth, although
the disruption may bc an artifact rc.suiting from velocity effects within the
overlying disturbed zonc. The. northeast-trclldi]lg seismic reflection line




which trends obliquely across the edge of the structure shows a shallow

depression where itcrossed within the crater ring structural depression. This
same depression iS observed in the cast west profile at stations 510 and 600. The
units in the northeast trending line observed to be depressed -0.04 - 0.06 sce
relative to their surrounding level.

The seismic reflection data indicate that the strata above the base of the
Stwart Range Formation have been pushed Up into the, central uplift at Mt.
Toondina. Surrounding this uplift, the strata have droppcd downward and
inward, in part,along a series of normal faults. This downward and inward
motion resulted in the formation of a ring structural depression  surrounding
the central uplift. The reflection data also indicate that all of the deformation
occurs above the base of the Stuart Range Yormation; strata at deeper levels
arc. essentially undisturbed, as indicated by the continuity of the refiectors.
Thus, the strong deformation affects only units of Penmian and youngey age.

GRAVITY MODELING

Density  Deceterminations

in an effort to constrain gravity models of the Mt. Toondina structure,
hand specimens of the local geologic units were. collected for density analysis.
Samples of the Mt. Toondina Beds were collected from the section described by
Freytag [1965] and clscwhere in the central uplift. Cadna-owic Fornmation
samples were obtained from a spoil pilconthe flank of the central uplift. The
Algebuckina Sandstone samples were collected at outcrop around the central
uplift and samples of the Bulldog Shale were collected south of andalong the.

cast flauk of the uplift. Most samples are somewhat we athered.

Figurc 6 illustrates the density cjc.termination for each of the various
rock types sampled for each formation. Several density dc.terminations were
made for each rock type from both multiple, samples and subsamples from
single hand spccimens. The error bars shown in Figure 6 indicate the
variation inthe calculated density; the predominate source of mecasurcment
uncertainty is the volume of the sample. Dcnsitics were mcasurcd on dty



samples; wet densities would bc significantly higher, particularly for
sandstones.

Average densities for various rock types exposed at Mt. Toondina range
from 1.6 to 2.9 g cm-3; most samples arc in the range of 1.8 - 2.0 gcm 3. The
sandstorms of the Cadna-owic Formation and the Algebuckina Sandstone have
the highest densities (1.9 - 2.9 gecm3), but these arc rclative thin units.
(Combined thickness of both formations at Mt. Toondina is about 75 m.)
Densities for rock types within the Mt. Toondina Formation range from 1.6 g
¢ m'3 for carbonaceous claystones to 2.0 g cin-3 for clayey sandstones. As the Mt.
Toondina Beds arc characterized by siltstone with mminor sandstone, the
formation density is probably in the range. of 1.9 - 2.0 gcm3. As these density
determinations were made on dry sample.s, theyrepresent minimum values.
Water saturation, as would occur in situ, would increasc the densitics as much
as 10-20% above that for dry samples. in addition, seismic refraction data for
the rcgion [Moorcroft, 1964]indicatcs velocities of 2.59 kmscc! for shallow
units and 5.2 to 5.7 km see-’ for maicrial at depths greater than 600 m. These
velocities corrc.spend to densities of 2.2102.7g cm”. Therefore, on the basis of
the. mecasured dry densitics, the in situ geologic conditions (water saturation),
and the velocity data, themcan densitics of these formations arc considered to

be greater than the measured values for dry surface samples.

Our density data arc consistent with those reported by Milton and
Morony [ 1976] who cite average densities for the Pecrmian and Mcsozoic
sediments of the ArckaringaBasin of -2.07 gcem'? and 2.65 gcm? for
crystalline. basement rocks. Not al scdiments within the basin arc, however, of
such low density. Dolomites from the. Wintinna and Boorthanna Troughs have
densities of 2.64 to 2.85 gcm 3, Ordovician (?) quartzites from tile Boorthanna
Trough have densities of 2.69 g tin®, and some Permian and Mcsozoic
scdimentary rock have densitics of 2.25 gcm™3,

Modeling
In order to better understand the. origin of the gravity anomalies and

tile.ir implications for crustal structure, wc have modecled the residual gravity
anomaly using a 2i1/2 D gravity modeling program. Constraints on the gravity
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model arc provided by the exposed geology; two scismic reflection profiles
which cross the structure; stratigraphic control from the outcrop and from
seismic correlation with the strati graphic control at the Cootanoorina well;
and densities determined from samples collected of Mt. Toondina. The local
Permian and Mesozoic stratigraphy consists of about 260 m of Stuart Range
Formation, 330 m of Mt. Toondina Beds, 10 - 40 m of Algebuckina Sandstone, 30
m of Cadna-owic Formation, and 100 m of Bulldog Shale {Wopfner, 1970;
Allchurch et al., 1973; Hibburt,1984]. The Permian strata rest unconformably
on beds of possible Devonian age which arc, in turn, underlain by a thick
sequence of late Precambrian a n d  Cambrian strata (Adclaidcan).

The gravity model of the Mt. Toondinafeaturc includes three. layers
(Figure 7): (1) the lowest layer in the. modelrepresents the Mt. Toondina Beds
and has a thickness of 330 m and adensity of 2.1 gcm3; (2) a middle layer is 75
m thick, has a density of 2.10 g cm®and corresponds to the older Mesozoic
units (Algebuckina Sandstone and Cadna-owic Formation); and (3) the
uppermost layer is 100 m thick and has a density of 1.91 gcm 3 and
conesponds to the Bulldog Shale.. Observedresidual and calculated gravity arc
fairly well matched in a model in which the Mesozoic units and Mt Toondina
RBeds are brought tothe surface in the central upliftand the upper two units
arc depressed by -90 minanannular zone slightly morcthan 1 km wide.
surrounding the central uplift. The densities uscd in the modclare greater
than (hose estimated from hand sample., but given the other constraints
discussed above, these model densities arc probably consistent with the in situ
densities of these materials.

The result of the high density units being brought tothe surface in the
central uplift, in relation to the lower density Bulldog Shale surrounding the
central uplift, is a central gravity high surrounded by an annular gravity low.
The gravity model further indicates that the Mt. Toondinaimpact structure has
a diameter of about 4 km, that the structural relief within the central uplift
exceeds 200 m, and that the, region around the central uplift has been
depressed by ~90 m relative to its nonmal stratigraphic depth.

The gravity model is not unique, in thatmany combinations of densities

and model body dimensions can reproduce the observed anomalies. However,
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the model is consistent with the observed geology at the surface, the scismic
reflection data, sample densities, and structure expected for an impact crater.
Although the annular low is modeled as being the. result of down warping of
the Bulldog Shale., as suggested by thce de.pressed reflectors in the seismic
profile, part of the mass deficit, particularly at deccper levels, might result
from the presence of impact breccia or simple fracturing of the. rocks to
reduce the density.

DISCUSSION

The suggestion of previous investigators [Freytag, 1964, 1965; Wopfner,
19/7; Jones, 1988] that Mt. Toondina is a saltdome was based chicfly on the
diapir-like relationship of the rocks of the central upliftio the beds of the
surrounding region and discovery of salt domes in other parts of the
Arckaringa Basin. However, a salt dome model is not consistent with the
observed data: (1) salt docsnot occur inthe arcain Permianand younger
units; (2) although salt dots occurin the region and salt domes arc present
(e.g., 80 km northwest of Mt. Toondina), the salt occurs in the late I'rote.rozc)ic
Adclaidcan rocks [Sarni, 1986]; and (3) the structural deformation at Mt.
Toondina is limited to Penmianand younger units. Deformation of the exposed
beds of the central uplift at Mi. Toondina involves circumferential shortening
and uplift, as in a diapir. It is the elastic. rocks of Pcimian to Cretaccous age
that arc so decformed, not salt. Bedsthat overlie saltdiapirs tend to exhibit
extensional rather than compressional deformation. The central uplifts of
impact stiuctures do indeed resemble diapirs. However, emplacement of these
uplifts is driven not by bouancy, but by prompt collapse of the transicnt
cavity walls and flow of the displaced material toward the center of the. crater.
As at Mt. Toondina, these uplifts arc commonly marked by posit ve gravity

anomalics.

The Mt. Toondina structurc canbe most closely compared with the
Stcinhcim Basin, Germany, of Middle Miocene age [Reiff, 1977] and the Flynn
Creck, Tennessee, partly buried crater of l.ate Devonian age [Roddy, 1977]. Both
impact structures arc formed in nearly flat-lying sedimentary rocks and arc
about 3.5 km in diameter, similartothe size of the Mt. Toondina structure. Both
arc partly filled craters with pronounced dial)ir-like. central uplifts that




underlie the central topographic peak. Surrounding the central peaks arc
relatively flat floors which arc underlain by fairly shallow structural
depressions.

In Australia, the closest known structural analog to Mt. Toondina is the
Connolly Basin of Cretaccousage [Shoemaker and Shoemaker, 19891. The
Connolly Basin is an exhumed crate.r about 9 kin in diameter with a rclatively
small central uplift. Connolly is also -underlainby Precambrian salt deposits
and is close to known salt diapirs [Wells, 1980]. A seismnic profile. across the
center of the Connolly structure reveals that the salt is essentially undisturbed
at depth beneath the feature. The central uplift is surrounded by a structural
moat bounded by normal faults. A positive residual gravity anomaly is localized
over the central uplift; it is surrounded by a sequence of subdued gravity
highs and lows {Shoemaker et al., 1989].

Seismic reflection profiles revealing broad structural features
somewhat similar to those at Mt. Toondina have been obtained for many impact
structures around the world including the Mjolnir structure in the Barents Sca
[(Gudlaugsson,1993]; the Red Wing Creck strocture in North Dakota [Brenan,
197S]; the Haughton impact structure in  arctic Canada [Hajnal et al., 1988; scott
and Hajnal, 1988]; the Siljan impact structure inSweden [Juhlinand Pedersen,
1987); and the Tookoonooka structure in the Eromanga Basin of Australia
[Gorter et al., 1988]. Structural patterns somecwhat similar to those obscrved in
the seismic reflection profiles for Mt. Toondina arc also observed in the larger
Talundilly structure of the Eromanga Basin in Qucensland[l.ongley, 1988] and
at Connolly Basin. The Talundilly feature. has been suggested to bc a buried
impact crater. It's saucer shaped depression iS -95 km in diameter and up to 1
km deep buried bencath Cretaccous beds.In the outer part of the structure
reflectors arc dropped down along a series of inward-dipping normalfaults. At
the center of the structure, the. reflectors arc bent up into a central uplift. The
reflection data indicate, that within the disturbed zone, a raised rim, depressed
structural moat, and central uplift can berecognized. The feature at Talundilly
is also characterized by a positive gravity anomaly centered over the central
uplift.
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The structural relief of the central upliftat Mt. Toondina is consistent
with data for other collapsed impact craters. Grieve et al. [1981] preseuts t h e
relation SU = 0.06D 1.} where SU is the avc.rage structural uplift and D is the
crater diamcter in km. This relation would indicate a structural uplift of about
2780 m for a diameter of four km. When account is taken of upward
displacement within the Mt. ToondinaBeds that is not recognizable in the
gravity model, the observe.d relief at Mt. Toondina is entirely consistent with

average ecxpectations.
SUMMARY

The gravity data combined with the seismic reflectiondata and surface
structural geologic mapping for the Mt. ‘] ‘oondina structure in South Australia,
reveal that the central uplift is surrounded by a ring structural depression.
Dctailed geologic mapping indicates that the. Pennian, Jurassic (?), and lower
Cretaccous beds of the central uplift have all been deformed in convergent
centripetal flow.  Further, the scismic reflection data show that deformation
dies out with depth. Below -800 m, the rcflcctors pass beneath the structurc
undisturbed indicating little or no dcformation below this depth.

The Mt. Toondinaimpact structure is defined by a simple residual
gravity anomaly. Relative to the adjaccnttcrrain, the central uplift is marked
by a positive anomaly of + 1 mGal, 1.2 km in diametcr, surrounded by an
annular gravity low (-0.5 mGal) having a width of -1 kin.The overall diameter
of the feature is -4 km. Gravity modeling suggests that relatively high density
units (Algebuckina Sandstone, Cadna-owic Formation, and Mt. Toondina Beds)
have been raised up into the central uplift inexcess of 200 m and that the
surrounding Bulldog Shale fills a ring structural depression within the. crater

interior that is -90 m deep
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FIGURE CAPTIONS

Fig. 1. Map showing location of Mt. Toondinaimpact strut.tum in South
Australia.

Fig. 2. Oblique aerial view to the west of the Mt. Toondina structure showing
the central uplift and surrounded by gently sloping surficial deposits. The
dark ring is formed by trees and brush concentrated along the Algebuckina
Sandstone aquifer; a wavy line of trees following the Algebuckina outcrop
reflects steeply plunging folds. The bright material in the center is salt
crusted outcrop of the Mt. Toondina beds. The bright line extending across the
feature from top to bottom is a road along which the seismic reflection line (85
YQZ) was acquired; other roads arc also evident.

Fig. 3a. Bougucr gravity map of the region; contour interval is 0.5 mGal.
Station locations arc indicated by crosses. Data include points within an 8 kin X
8 km square centered on the central uplift. Fig. 3b. Oblique view mesh map of
the Bouguer gravity field viewed from thesouthcast. X and Y axes dc.note
distances in meters relative tothe center; vertical axis is residual gravity in

mGal.

Fig. 4a. Residual Bougucr gravity field. 3rd order polynomial has been removed
to produce the residual. Contour interval is 0.1mGal. Crosses indicate station
locations. Fig. 4b. Oblique mesh map view of the residual gravity field viewed
from the southeast. The central high and surrounding low arc easily seen
from this perspective. X and Y axes denote distances in meters relative. to the
center; vertical axis is residual gravity in mGal. Fig. 4c. 3rd order polynomial
field removed from Bougucr gravity. Fig. 4d. 3rd order polynomial field shown
in oblique view from the southeast.

Fig. 5. East-west seismic rcflection profile (85YQZ) across the center of the.

structure.. Residual Bouguecr gravity values arc plotted above. Faults arc shown
as solid lincs.
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Fig. 6. Density determinations for samples collected at Mt. Toondina.
Measurements have been averaged by rock type. Variations in the calculated
densities among samples arc indicated by ecrror bars,

Fig. 7, Two and a half dimensional gravity model showing a proposed structure
of the Mt. Toondina impact. Horizontally stripped unit is the Bulldog Shale (p =
1.9 gcm3); stippled unit represents the Algebuckina Sandstone and the. Cadna-
owic Formation (p =2.1gcm3); the underlying white unit is the Mt. Toondina

Beds (p = 2.12 gem3). Circles in the upper pancl indicate residual gravity, the

solid line is calculated gravity. Vertical exaggeration is 10:1 in the model cross
section.
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